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Ptt‘r.‘l in tha -i.nilc nn& lyaen cratt !itli is dcp-ndout apcn th
engineering materials available and upes the information known adout
these materials. Of pnr%icnlar impertance are the very low and high
temperature mechanical and physieal preperties since these materials
may be subjected to very low temperatures by use of eryogenic pre-~
pellants and to high temperatures by several meams (atmospherie
frietien, radiatiem, and heating by engines or electrical coupontn
In order te ebtain maximum efficieney, miasile designs 1ncorporat¢~;
_the use ‘of the highest strength/density material which is capable of
vit&atcniing the severest environments imposed upen it, There are a
linited number of materiale which may be severely stressed in the i
tempei re range of 1800° - 1800°F because they have either ess.
' tially 1est all of their mechanical strength (many alloys such as
aluminum, eopper, and magnesium alloys, etc. are melten and/er vap-
orising) or they are exidising rapidly which make them unsuitable
for engineering application. Likewise, there are a limited number
of alleys which may be used for structural applicatien at very lew

. temperstures because many materials exhibit embrittlement which ’
»cunlca catastrophie failure at stress levels well below design

"strengths.

The meshanical properties of & large number of engineering materials
have beem determined at eryogenie tempgratuies. These materials in-

as well as many stainless steels. Moat of these alloys, however,
may net be used at high”tc””oruturuu (lIOO‘P and above), R-41 alley
(or mere commenly ) ¢* 41) is one of the higher streng
alleys in the leﬁﬂ'ataﬂﬂirgxtngc‘sna s large amount of data has be

compiled on mechanical and physical properties of this nuteriul at .
high tunpornturtc (ll’ Appéndix A for references). | :
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It was tho purposse of this investigatien to determine if R-&l alloy
sheet material, which has superior mechanieal properties at high
temperatures, would be suitable for structural application at crye-
gonie tl-purttnrc. (do'n to -423'!}

slude alwminum alleys, titamium alleys, nickel and ecobalt base nlloyl;ugff“f *
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investigation are presented in Table 1, The as-received material hed & By
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hardness of 93. Pert of the material was solution trested (195097 for 30 m,,’ o
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atmosphere by Materials Research Group heat treat facilities. Very little nruo b
surface tarnish resultied from heat treatment. BHardness was By 39.
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tempersture (78%F),~100°F {alechol and dry ice), -320°7 (liquid nitrogen), and

~«4230F (1iquid hydrogen). smw\:m-dclvmatm
(cryo-extensometer at low temperstures) and a continuous stress strain recorder, | -
Total elongation was detarmined by scribe marks made vith a precision block |
and read under 10X megnification. Strain rates were maintained at o.oo:.-/lfun..
until 0.2% offset yield and then 0,15"/min. until fracture. The 50,000 |
Baldvin testing machine, strain recorder, strain pacer, and extensometers are .
poriodiuny M u W hw CVA lt-nurdn hbontory. o
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material m:ﬁnfm rather low no /urnotched tensile ratiocs at all
testing te

data at ~{3°7, thh bd.u indicative of embrittlement. The low ' *
Yield and tensile strengths of the as-received R-4{l alloy make it unfnorablo =
for applicstions. nqniriu a material with high strength/density. R

‘As may be seen, the :alution treatesd R-{l ahut
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Q}catl~that Re41 ahoot in the age<hardened eondition oua ugh
from room temperaturs to nearly abselute szere. The relat vtly high
yield (134-138 kei) and tensile (174-181 kei) strengths at 78°F
makes R-41 alley oo-pctitivu with ether materials. The dengjty of
R-41 is 0.208 pounds/ind (density ef 301 CRES is 0.288 #/in"), Por
these applicatiens which require a strustural material to be umed £
at bnthﬁhigh and very lov ta-poruturno, R-41 cllay is uost uttrtctivn‘ i

. sxmmm xmm'rmx

ia uvtilahlo as. nhcct, plato, bar. virn. or !orging stn;&
investment ecastings (see Table 4) at a cost comparable
other niekel or nohslt ba-c and titcninn base alloyn.

f_f"hcnt treatments Bave been -ucc'uuttlly c-plo fd,‘tho
m of 'hith are lintod below: ~

i olutien trest at 1975° + 25°F, rapid qnonch. (xeml “an-
‘l.jxneoivtd‘conﬁition) .

néfflout treatment A plul lslutinn treat at 1950'! for 30 ain',
: }Air eeoecl; age at 1400'! for 18 honra, air cocl.

’C;?fﬂout treatment A plus solution treat at 2180°F for 30 Iin., b
wgknir cool; age at 1850°F for 4 honra, air eoolnﬁ_

'Rnpid qnonchiag instead 0! air cooliag for henﬁ‘trent-tnts B andfc
shown sowe tﬂvtntuz-:, tspeeially for cast material. In general,
, reunlt in hctter room tanyoraturo '

erial -sy he inncalcd for maximum tor-ability by treating it

at 2189'! for 30 mim., water quench. Stress relieving after nachining,,?F"

cold vatking, or welding may be obttined by r.-nolntinning with suh- _-]}
noqnnaﬁ agin; if degired, ; ‘ , ‘ S

R-41 in one of tha ‘strongest high tcuporatnro -aterialn th:t ean be
unecenltnlly formed and welded{references, Appendix A). The alloy
may be readily formed in the anncaled conditien. Distortion is coem-
p.rativoly low if the -utcrial il aubnoquontly solutien treated.‘




'ltpti tf cut,

r by machine, and vith or witheut filler metal. Spet welds
can be made on ceonventienal equipment. Properly performed welds are

“‘tibl" ‘°$ effieient, and are net criick sensitive. Welding should

s the tuily snlntionoi etn&ition with aubsoqnoat hnluti

14t8le promise for structural applications at crysgenic tempe
tannn due te uu&rittleunnt gnd low yiold ;trongthu.jf e

l~4l .hoot -At-rill 1a the ngo hardonod cendition (1050‘!,
30 min., air ccol) has a high strength/demsity ratiec and remains

2.

tough at very lew temperatures, as determined by notched/nn- :;';jf

notehod dntc. frnetur- uppaarnuco, nnd dnetility.

‘rsbla 'ith,othcr atginnorin; -atarialsg-

e
(ttnail., or‘op, orccymaupt:rt. fhti;n-, tln-tie. ete.

l~4l clloy is onme o! the higho-t ntrongth -nttrinl- nvnilstln
in thc 1600°-1800°F ta-porlturo range. ,

8. ﬂ~4l alley i- highly corro-ion and oxidatien resistant.

Ts Bc&l alloy may be readily forwed and fuuion or -pot veldoi g

5 with available prndnntiou eqnip-ont.

<

e ’ spe
tar -siiltaatary nachinin;. B-41 cam be incrt-uic welded,

1~4& alloy hln uttﬁactiv' yhy-ical aad -oahcaiecl fioﬁéit’Tlgf_ff:fb
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Nf nn uuihbh nyu roqunt: |

mm,mx;n: 800 1

‘Thickness of 0.010 in. te 0.0199 in. i
“As=¢old-reduced, bright tininh sheet .

ﬂnhn otherwise specified sheet will be fnrninhnd
il th- -elntion tnatod eoadition.

.

‘l‘hicmou 3/16 in. to 2 in. 1neln-ivo.
Maximun width; 48 in.
Mazisum length: 132 im.

Nulnl dimtor: )& in. 'h 2 in‘ - mtm nill
v length: 10 ft.
Nuiml diameter: 2 in. to 3% in.-lluxim -ill
length: 8 lt.

Nominal dismeters: 1/16 im. te % im.

Maximum billet diameter: 8 in.
Shape: Tuned and ground rounds.

No., F-30, 158
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